ABSTRACT Tolerance of additional external resistance to inspiration has been investigated in a group of coalworkers older than 45 years. Peak inspiratory pressure, external respiratory work rate, ventilation, and gas exchange were measured, during periods with and without one of four inspiratory resistances, on 41 subjects walking on a treadmill. Minute volume was reduced, breathing frequency was unchanged and oxygen uptake and carbon dioxide elimination were reduced by the presence of resistance. It was established that, at the workload studied, older men were able to tolerate inspiratory resistance to at least the same extent as younger men, when the respiratory work was expressed in terms of unit ventilation. It is suggested that the acceptable level of breathing resistance established for younger men can also be applied to older workers.
determine whether or not a different standard of resistance should be applied to such men.
In a previous paper (Bentley et al., 1973) a standard was suggested such that 90% of a population, breathing through apparatus with low expiratory resistance, would experience no discomfort if the mean inspiratory work rate did not exceed 1-37 J l-1. The results of a similar study conducted on a group of older men are discussed in this paper. The effects of resistance on ventilation and gas exchange are also described and compared with a control period.
Methods
The experimental apparatus was similar to that described elsewhere (Bentley et al., 1973) . In addition a length of wide-bore, low-resistance tubing was connected to the expiratory valve of the mouthpiece assembly, so that expired air passed through a 10 litre mixing bottle. A continuous sample was drawn from this bottle through a drying agent to a fast-response oxygen analyser (Beckman Model E2 rapid-response analyser) and a katharometer (Gow- Mac Model 20-100) linked to a potentiometric chart recorder (Honeywell, class 19), which gave a con-Acceptable levelsfor the breathing resistance ofrespiratory apparatus tinuous read-out of carbon dioxide concentration in the mixed expired air.
Inspired volumes were recorded by means of a respiratory anemometer (Wright, 1955 Four inspiratory resistances were used in the experiments. Their construction and pressure/flow characteristics have been described previously (Bentley et al., 1973) . The airflow characteristics were non-linear, in order to simulate those of most industrial breathing equipment. The pressure drop across the resistances RI, R2, R4 and R6 was 0-4, 1-0, 1P7 and 2-4 kPa respectively at a constant airflow of 1001 min-'.
The experimental subjects consisted of 41 men, randomly selected from all underground workers aged 45 years and over at a Yorkshire colliery ( 
Results
The average minute volumes of air achieved by each group of subjects were just over 401 min-' at a mean oxygen uptake of 75 mmol min-1 during control breathing without added inspiratory resistance. VE (expired minute volume) was related to the body weight but not to the age of the subjects. Only two subjects experienced sufficient discomfort to give an adverse response following resistance breathing, one at each of the two highest resistances. Both of these men had simple pneumo-coniosis. All other subjects found that the breathing resistance was either not detectable, or noticeable but not difficult. However, two subjects experienced difficulty in holding the mouthpiece in position.
The ventilation and gas exchange data for each group, before and after the appropriate inspiratory resistance was introduced, are shown in Table 2 . Mean values, standard deviations and differences between control and resistance breathing are given. There was a small but statistically significant fall in VE with all but the lowest resistance, but the breathing rate was virtually unchanged. The proportion of the breathing cycle spent on inspiration (I) increased progressively as resistance increased (p < 0-001), so that inspiration consisted of over 56 % of each breath on average for the highest resistance compared with the control value of 42-46%. Oxygen uptake and VCO2 (CO2 production per minute) were reduced at each resistance level but FEc02 and Levels of significance by analysis of variance for within-group differences; * p < 5 %; ** P < I %; * P < 0 1 %. + = Significance levels of differences between resistances. Table 3 Inspiratory work rate (IWR), peak inspiratory pressure and subjective response during control breathing (C' and with the addition of an inspiratory resistance (R) (5 00) (0-078) (0-294) (0 10) (0 45) SD in parentheses.
*Number of men whose inspiratory work rate exceeded 1-37 J 1-' (0-14 kg 1-1). (Bentley et al., 1973) .
FIo2-FEo2 were larger with the two highest resistances. There was no overall change in RQ. Peak inspiratory pressure and inspiratory work rate per litre of ventilation during control and resistance breathing are illustrated in Table 3 .
Discussion
Tolerable levels of inspiratory resistance have previously been established in a group of fit minerescue workers aged less than 45 years (Bentley et al., 1973) . However, many underground workers in collieries are older than this and may be partially disabled either by pneumoconiosis or by some other respiratory' or circulatory disorder. Evidence presented here suggests that such men are able to tolerate breathing resistances as high as those tolerated by their younger colleagues.
Only four subjects breathing through the highest resistance had an average inspiratory work rate, per litre of air breathed, greater than 1-37 J 1-1, the level below which 90% of younger men are unlikely to experience discomfort. None of these four men reported subjective discomfort. Two other men, both with pneumoconiosis, complained that breathing was difficult when the inspiratory work load was below this level. This distribution is compatible with results obtained with younger subjects, as 34 out of 36 men (95%) did not experience any discomfort when the work load was Acceptable levels for the breathing resistance of respiratory apparatus below this level. This group of older men, therefore, is able to tolerate at least as high a resistance to breathing as younger men, and there is no firm evidence from this study that pneumoconiotics are more susceptible to the effects of resistance to breathing.
The work rate and highest breathing resistance employed in this study fell in the mid-range of those used in the study of younger subjects. However, that study indicated that the inspiratory work rate per litre of air breathed determines the level of discomfort. If this level is not exceeded then not more than 10% of that population should experience discomfort while breathing through a resistance.
The four subjects with inspiratory work rates greater than 1-37 J l-1 who had no difficulty in breathing through the resistance, were all heavier and had minute volumes greater than the average. However, the inspiratory work rate per litre of air breathed still includes a factor for minute volume in the numerator of the equation used in its calculation, that is, Wi/I = A VEn/In where A is a constant and n is a number depending on the shape of the waveform. Hence men with larger minute volumes will on average tend to have greater inspiratory work rates, although these work rates may not be inappropriate for the volumes of air breathed by these particular men.
There is evidence from the literature that older men need not necessarily be handicapped during physical exercise, as the average minute volume of an older man is likely to be similar to that of younger men (Robinson, 1938) .
Early coalworkers' simple pneumoconiosis does not usually give rise to significant changes in lung function; men with such a condition (ten in the present study) are therefore unlikely to be at a physical disadvantage compared to their nonpneumoconiotic colleagues (Cotes, 1975) .
The resistances employed in this study only marginally affected the breathing pattern. The minute volume was reduced by only 8 % even at the highest resistance, which is of the same order as the data of Silverman et al. (1945) with Silverman et al. (1945) who found an increase in oxygen uptake in subjects breathing through inspiratory resistances. However they agree with findings of Killick (1935) who observed a fall in carbon dioxide output and oxygen uptake in some of her subjects. It is concluded that the level of resistance that could be tolerated by men older than 45 years of age should be the same as the standard suggested for younger men (Bentley et al., 1973) . This standard states that 90% of a population will not experience respiratory discomfort if the inspiratory work per litre of air inhaled does not exceed 1-37 J 1-1[
The breathing resistance of the present selfrescuer apparatus used in British collieries is equivalent to about 0-98 J [-1 and hence falls well within this standard. These results could be applied to all workers likely to have to wear emergency breathing apparatus but should not be accepted as tolerable limits for men wearing dust or gas masks for longer periods.
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